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TI) PRIMARY PAOTORS IN PPTROLIUM 10 LSL OMS 


Intrcducticn 


In order to form a stable exmlsion of two immiseible 
or partially immiscible Liquids, a third substance, an 
emlsifying asent, must collect at the interfaee, form a 
coherent file about the globules of the dispersed phase 
and thereby prevent eoalescenca. Thia is held by peaa* 
et al. The @sphealtic constituent in petroleum end its 
derivatives is @ native emulsifying agent. Sherrick,” and 
Lottermoser and Calantar® empiuaize the importance of as- 
phalitic matter as the emulsifying agente ixmisions ean be 
broken by removing the eaphaltio material by any of several 
means: vy adsorption with fuller's earth, oy; extraction 
with alcoholic sodium hydroxide, or by precipitation by 
anhydrous stannic chloride. Dow and Reiutle* found that 
oil recovered fran emilsionn tad hisgher earbon residue 
values than the umermlsified portion of the same o11, which 
indicated that the asphaltic canponenta had concentrated in 
the emulsion. 

The interfacial tension between the oil and the water 
giotmies end tha extent to which the emulsifying agent clanges 
the interfacial tension aro important factora in ermlsi-g 
bility. Lowering of the tension between the liquid phases 
prosotes emlsification; raising of the interfacial tension 
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favors dermisification. bifferent ayents have varying de~ 
grees of emulsifying power. The addition of seap to oil 
and water decreases the interfacial tenaion and inoreases 
ermilsification, while such chemicals as are used to vreek 
petroleum emalsions inorease the interfacial tension. The 
compositions of the two Liquids are also inportent factors 
in emulsification, inasrmch as the interfacial tension bee 
tween erbveste differs and, as found by the author, a given 
emulsifier wili heve differing effeet upon the interfacial 
tension between any two particular solvents. fienee, 
petroleum products, which gre ordinarily mixtures of several 
hyérocarbons, have interfacial tensions with water deperdent 
on their composition. That the cannvoesttion of an oil af- 
fests the ermlsibility of the o41 was hinted by Kats and 
Bou,” "One view Gould be that the asphaltenes are 'potential 
colloids’ and thit solutions containing them casily convert 
into colloidal systems froa changes in the compos!tion of 
the solution.” Nellensteyn® found that the addition of 
liquids, which have & surface tension below 24-26 dynes/om. 
at 25° C., causes flocculation of the aspimitic micelle, 
while the addition of Iiquids having, a surface tension 
avove 26 dynes/ame causes peptizatlone 

Even the impurities in the water affeet the interfacial 
tension of the system. So also doen the eomposition of the 
asphaltic matter. For example, in this work Lt was found 
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timt eracked asphaltic oatter on a weight basis lowered the 
interfacial tension more than did straight-run asphaltic 
matter, @ll other factors veiling equal. The structure and 
nolequiar weight of the asphaltia matter, the extent to 

which it} hag ceen oxidised, the radical grovps attached, the 
moleoular polarity,—all influence the offeet of the asphaltic 
matter on the interfacial tension of the aystem. 

In any one syatem, however,=compoved of an ofl of given 
hydrocarbon composition, water of given imurity content, 
snc agphealtie matter of given compositicn=—-there ia & definite 
interfacial tension set & particular temperature. This intere 
facial tension is an important factor in the esmisibility of 
the system, Leec., the ability of the system to remain emulaei- 
fied. Systems having high interfacial tensions are thermo- 
édynamiesally unstable, sinee thelr resolution results in a 
Gecrease of interfacial erea and free energy of the system. 
Henee, high interfacial tension promotes coaleacence of the 
dispersed phase anc thence demlsification. Conversely, 
the lower the interfacial tension of the system, the more 
stable is the omlaion. 

Primarily involved in emlsibility is the sedimente= 
tion force. There are two opposing forees acting vertically: 
the effective force of gravity (or centrifuscal force should 
it be applied) and the kinetic foree of diffusion. The of- 
fective foroe of gravity sllows for the buoyanoy of the o11, 
and for one mole of suspended particles is: 
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Poravity AgvAp (2) 


where '' 1s Avogadro's number, g is the gravitational ag- 
celeration, v ia the avera,e volume of the water particles, 
and Pe ie the difference in density between the water and 
oil. This fores exienvors to ;ull the water particles to the 
bottom of the veenel and inoresse the coneentrati.on of water 
particles there. Opposing this force ia the Brownian kinetic 
foree witch causes the golloical particles to diffuse from a 
region of higher coneentraticn to one of lower concentration, 
LeGe, Upward. The change in free energy AF when one mole of 


wator particles diffuses from concentrations nz, to ng ia 


given by 
AY = RY mm (2) 
my 
The averare kinetic force causing Giffusion then Lae 
Pairfuaion & StF in = (3) 


where Xy,°x%p is the distance between the points of concentra- 
tion nz and noe Values of ny and np may Le determined by 
counting the mimber of partinles ine given field of a 
microscopee The ret foree, or secimentation force, at any 
time is therefore 








Prot ® Porav, ~ "atrr. (4) 
eMgvAe = saong in (8) 





When the esnlsion hra reacied equilibrium the sedinentation 
force will be sero and 
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ie 
Mev Ap = ae ln HH 


or in = = a AL (6) 


Visoosity is aiso a factor in emmlsibility. The rate 
of diffusion is dependent on the viscosity according to 


De Wenn (7) 
where D is the specific rate of diffusion, YW isa the coef- 
ficient of viacosity of the continuous phase, and r is the 
radius of the spherical water particlee The greater the vise 
cosity, the less will be the diffusicn of the colloidal water 
particles upward, and sedimentation dowmward will be increas sede 
Tims viscosity, by retarding diffusion upward, trends to dew 
creese the emilsibility. On the other hand, water clobules, 
which have coalesced and are of sufficient aize as to be un= 
affected by Brownian kinetie foreas and which tend to settle 
out under the offective foree of gravity, are retarded fran 
doing so by viscosity. According to Stokes! law this 
frictional foresee is 

feényr (8) 


In thia instance, visoosity tends to inarease the evulsie 
bility by retarding the settling of coalesced water particles. 
Viscosity is a frictional force and always opposea motion, 
whether it be colloidal diffusion upward or the settling of 
coalesced globules downard. It is also significant that 
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the viecosity of an of1 La inarsased by the presence of col= 
loldal aspimltie matter, as pointed cut by Lettermorer and 
Oalantar.® 

The esphmitic constituents cf an ofl] are macronctlecular 
mixtures of a4romitie and naphthenic rings with pereffinie 
side ehming.’ SOtrealght-run asplmitio matter ise mainly come 
pened of naphthens rings which are suseeptible of dehydro 
genation to aramatic ringae Under relatively severe condl- 
tions sephaltic matter my be oxialzed to saponifiable pro 
AuUEtS« 

Solubility tests are used to divide asphklitio materials 
into different classes. Kietmrdeon's” system classifies then 
in their order of deoreasing solubilities: maltenesa, resina, 
aapraltenes, carbenss, am carboicas Maltenes are soluble in 
light petroleum naphtha (80°). Resins are a part of the 
mailtene fraction; they are soluble in Llipht nephthe out sey 
be rwoovered from it vy sdsorbents such as fuller's earthe 
Aasphaltenes Gre insoluble in light naphtha but soluble in bene 
zenee Carbenes are insoluble in bengene ena carbon tetreae 
chloride but soluble in carvon disulfide. Carbolds are ine 
soluble in ctrbvon disuifldee 

Carbenes @nd o&rwolde Bere present, if at all, in petroleun 
produets to @ very minor cegree. aultenes are soluble in the 
verious produetse Tience it ia the asphiltenes and resins that 
constitute the bulk of the asphaltic matter which acto aa 
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omulsifying agente They ave eolloidul in sine, are adsorbed 
at the water-oil interface, forming a unimolecular filn,® 
probably eided by their polarity Lif they have been oxidised. 








Statement of Ixperimental Work 


The role of aspialtenen aa the onmmlsifying agent in 
water=-ineoll emmlaions was investigated from a munber of 
different vlewpeints. The experimental work was divided 
into four parte: 

Le A compirison was made of the abilities of cracked 
aaplwltenes and straighterun aaphaltenes as ermlsifying 
agents in various petroleum products; 

lin Vhe emilsibilities of various petroleum products 
were determined before and after removal of the contained 
&sphe ltenes; 

Lite A study was made of the variation of the emilsie 
bility of light petroleum products with inoreasing ase 
phaltene concentration 3 

iVe A atudy was rade of the variation of the intere- 
facial tension of light petrolewn products with inoreasing 
asphaltene concentretione 








OCTET 
Procedure: 

A comprrleon was mde of the ermisifying abilities of 
asphaltenes contained in cracked tar and those contained in 
straight-rmm asphalt. Two fuel oils were prepared so that 
each had @ viscosity of approximmtely 225 S.SeUe at 122°, 
The first was a blend of 70% by volume of cracked tar cut 
pack with 30% of straighte-run gas oils; this blend will be 
hereinafter referred to as “the cracked blend." ‘he second 
was @ blend of 50% by volume of straight-run asphalt cut 
beok with 50% of straight-e-run gas o11; this vlend will ve 
hereinafter referred to as “the straighterun blend." All 
of these products wore derived from Californie ocrudes. The 
eracked tar had a 7.2% cyclohexane insoluble content, which 
was determined by the method prescribed by Abruham?? for solue 
bility tostsa. The per cent cyclohexane insoluble is an ine 
dex of the amount of asphaltenes heavier than those found in 
atraigit run residua or, in other words, @ measure of the 
severity of cracking t+ 

A few drops from a 25 milliliter dropper bottle of the 
cracked blend wore added to a petroleum product sample, 
ouch as benzeno, end a like quantity of the atraight-run 
blend added to another equal sample of the same product. 
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Fach mixture was si@ken in a 100 miliilliter pereduate with 
equal volumes of cistilled water and its resistance to separa@ 
tion observed. This comperison of the emulsifying effect of 
oracked and etruighit=run asphaltenes wis determined in bene 
sene, cyclohexane, carbon totrachloride, kerosene, and 


straight<run ges oll. 


Kesulte: 

With benzene, the straight-run asphaltenes, as contained 
in the straight-run blend, allowed the water to separate. A 
anm&ill amount of emulsion was formed below the o11 layer but 
this, too, broke upon standinge Tho erackecd asphaltenes 
caused a permanent ermlsion to forme 

With oyclohexane containing satraighterun esplhmltenes, 
similar results were obtained aa with benzene, except that a 
middle Jeyer of emulaion rermined while most of the water 
separated. With oracked asphaltenes, a heavier emlsion was 
formed than in the ease of benzene. 

With earvon tetrachloride, the straight-run asphaltenes 
@lliowed the emulsion to break, the water going to tlw tep; 
a middle layer of emulsion rerminede TVhe cracked asphaltenes 
caused a very thick, almost solid, emulsion to fortie 

With kerosene, the straight-run asphsltenes formed a 
better emulation than they were capable of doing in the other 
products tested. As expected, however, the cracked aspheltenes 
formed more and thicker emulsion than did the satraighterun 
anphaltones. 
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With straight-run gas oli, the streight-run aspheltenes 
allowed the water to separate while the cracked aaplmiltenes 
formed a stable ommlsion.e 


Discussion of resulta: 

in all canes the emmlisifying effect of the eracked as- 
phaltenes wasn noticeably greater than that of the straight~ 
run asphaltenes. It was noted thet equal quantities of age 
phaltene had varying emmlsifyins effeot on the difforent pro= 
duets tested: the composition of the ofl is ea factor in 
ommlnification, but only inasemich as Lt affeets the more 
fundamental factors of interfacial tension and sedimentation 
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wert tise Mmisibility before am after removal 
cf asphaltenes 
Procadure : 

The effeet of asphaltene content upon the emuilaibility 
of an O11] was approached by Getermining the esulsibility of 
the o11 before and after the removal of the contained ane 
pha ltenens. 

The ermisibility was determined by Feder&l Specification 
Method 320.820" Briefly, this test vonsiats of paddling for 
five minutos 27 milliliters of the of2 and 55 milifliters of 
Gistilled water in a 100 milliliter graduated cylinder.e The 
temperature ef the teat was 150° F. which waa obtained by 
immersing the graduate to the U5 milliliter mark in a water 
beth maintained at this temperature. The speed of rotation 
of the paddle was 1500 revolutions per minute, which was 
cheoked by a revolution countere At the ond of five minutes 
the paddie was stopped and removed fram the cylinder. Reade 
ings the demroation between the topmost o11 layer and the 
adjoining erpmlaion were taken and recorded with the time of 
the readingse In this work the "derwlsibility” was taken as 
the average slope of the curve obtained by plotting the volume 
of the ofl separated versus the time since stopping the pade 
die. The “ermleibility” ia the numerical value of the re= 
clprocal of the "denmmlsibility." 
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The asplmitene content of the o11 was determined gravi- 
metrically by adsorbing the asphaltenes on eabestoase A Govuch 
eruciile was carefully prepared by pouring into it a@ suspension 
of finely divided aagbestoes fiber, sucking it dry through a 
suotion flaak, and tapping the mat tight. Tiida procesa was 
repeated until light could just mo longer be seen tiirough the 
holes of the erncible. The crucible was then dried in an air 
oven at 106° 6. for a period of two hours, after which it was 
allowed to cool in e&® desiccator. The crucible was then 
weighed to Vel milligram. The weighed erucible was placed 
in the suction flask and the oil filtered through ite The 
woight of the oil filtered was determined by weighing the 
stoppered flask oontaining the oil before and after filter~- 
ings The erueible was again placed im the air oven at 106° ¢., 
then cooled in the desiccator, and weighed. The difference 
in weight of the erucible before and after filtering was the 
woight of the adsorbed aspheltenes. The per cent aaphaltene 
content of the oll wan then calculated. 


Hesults: 
Sample cata and caliquiationa for these results are pre= 
sented in the Appen@ixe 








brmlaibLiity ey | 
dKaphaltene with anphalteneca without asphaltenes 
Sample n/m) _ ____(minf/md) 
Gracked gas oil 055 e242 eill 
lab of1 #2 050 0568 0274 


Jab o11 2 e695 040 0120 
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Discussion of reaults: 

There was a definite decrease in the emmisibility after 
the @sphalitenes were removede The ermisibility was leasened 
in each case but the final ermlsibility was still character- 
ietia of the o11. if aapheltenes were the only facter af- 
fecting ommlsiblility, it would be expected that their re- 
moval would reduce a11 olla to the samo level of emulsi-«~ 
vbliity. The last colum shows that the final empulsiviiity 
differed in each casee In other words, the emulisibility was 
iessanead py the removal of the asphaltenes bit was still de- 
pendent on the other factors influencing..interfagial tension 
and thoeve affecting the sedimentation force. This is also 
substantiated ty the fact that Imb o12 #2, with an asphaltene 
content of 2.695%, had a lower omilsibility than did lab oil 
#1, which nad an aaphaltene content of 390%. 
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fart lite jwuisibility varaun eapimltene concentration 


Procedure : 

The emulsibilities of different light petroleum produets 
were determined with inoreasing asphwitene concentration. 
The asphaltenes were added to suoh products aa benzene in 
the form of the eracked blend (70% cracked tar and 30% 
strai¢ghterun gaa o11). A representative sample of the 
eracked blend was placed in a 25 milliliter dropper bottle. 
Vo 27 miliiliters of benzene in a 100 milliliter graduate 
was added & mumber of drops of cracked blend. The sample 
wan mixed, 55 milliliters of distilled water added, and the 
eruilsibllity determined according to Federal Speaificetion 
Method 320.52, outlined in the “Procedure” of Part iI. The 
weight of the e@sphaitenes sdded was determined by woighing 
the dropper wottle before and after the addition of the 
asphaltenes to the sample. itrictly speaking, this wan the 
welght of the cracked blend and not of the asphaltenes. but 
since the omulsibility was to be correlated with the relative 
asphaltene content, the weight cf the cracked biend was con- 
sidered representative of the relative aspheitene contont. 
The emulisibllities of the same petroleum procuct with aif- 
ferent asounts of asphsltene added were sinilariy determined. 

These testa of variation of erulnsibility with aspleltene 
concentration were made for benzene, cyclolexane, hexane, and 
streight=run gas of]. The testa were run both et 150° F. and 
70° yp. It will be noted that benzene, cyolohexane, and hexane 
contain ailx carbon atome and are typical of the aromtica, 


naphthenes, and paraffins, respectivelye 
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Results of the tests run at 150° PF; 


Noe Of drops 
rf @ 


eobbBG RBS wee anenuarnpy 





Benzene (150° FP.) 
Cnoant ratio of 
Veight of 

Aplwlte iter) 
02 1207 
0054 2200 
e066 2 007 
e071 2 e638 
e989 350 
«450 5 56 
01357 5.07 
«160 5.03 
e219 7e74 
e228 8245 
eo 7U 10.250 
ee 12 630 
0494 16.28 
e670 £1.10 
e570 21210 
e665 2:4 @62 
e805 29 eB") 





asphaltene Slane inh Joae 


Qt: oD 
2004 
12 04 
15.0 


6.9 
307 
sae) 


3 ef 
306 
£2 9 
20D 
1.15 
1.04 
1.45 
2.00 
1.210 





1.000 





Woe Of Grops Weight of Caneentrat!.m af Frmleibili 
of asphaltene asphnitene (gm) aspleltene Vermlsibility 1/sl 
a VAST) Bh Lope. (mi/min) (ahn/ek) 
i 0028 1204 4450 e222 
2 e056 2.08 250 04355 
2 e960 208k 1.10 e909 
3 e088 Sea oV7 1.03 
3 2078 2 89 73 1.57 
+S) oi 30 4.1 eve Sei 
5 ei b2 5.63 ece 5.12 
8 on 44 9.04 012 6.35 
10 eos! Ls! 66 2060 2020 
15 0514 19 OR e051 19 6 
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OXANC (ie 5Q0 Pe) 








( tian | Prulaibilty 

HO. of drops Weight of aaplmltene Permmlsibility 1/slope 
of aspimitene aspiwitene (pm) ( ga /1iter) slope (nl/ml ih) (nn/ed) _ 

d 0031 1.15 110 00091 

2 e053 1296 107 

> | 2054 2200 106 

4 eiL10 4,.0' 73 09137 

5 e169 6 6 16 e028 

5 eL&0 6.67 29 090354 

LO edL5 11.67 26 00356 

15 0485 16035 10 e4 0096 

15 euce 19.71 6-0 6167 

20 S&H £5650 Led 0435 


Straicht-run gas of] (190° FP.) 


Greentration of 
WOo Of drops Weight of asphsltene Demulsibility 


of asphaltene asphaltene (gm) (gw/liter) slope (ml/min 





“Watope 





Y 0 O od 

0 0 0 27 

9 0 ¢) 35 

i e905 oil 25 | 

1 0026 096 B07 eillS 
i 2028 1294 O.7 e115 
2 e052 1.89 Sek e002 
3 e062 3004 098 i102 

4 e108 4.90 255 - 2506 

t eli”? 4234 055 2,86 

+) 0 182 2065 0157 § 60%7 

6 elL69 6026 elZS 8.00 

6 e189 6.67 eL900 10,00 

9 e221 10.41 e035 39250 
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Diseveasion of resulte of tests at 130° P: 
These results when plotted on log-log paper (Pigure 1) 
yield straight dines. Ali ourves show definitely that as 
the asphaltene concentration is increased, the ermlsibility 
Glso inoreases. The explanation of the logarithmic variation 
of emmlaibility with aaphaltene coneentration is hed fram ad- 
sorption considerations, for the asphaltenes are adsorbed at 
the ollewater interfece and are then in @ position to lower 
the interfacial tension, thareby inareasing the emulsalbliity. 
An emulsifying agent acts by virtue of ita ability to lower 
the interfacial tension, but before it can effeot the inter 
facial tension it must be adsorbed in the interface. Ths 
emulsibility is anen to be dependent on the adsorption of the 
aspimitenes in the interface. 
Preundiichts2 empirical adsorption isotherm is 
qa ke (9) 
where q is the weight of material (asphaltene) adsorbed per 
unit area of adsorbing interface, 
0 is the concentration of the adsorbed material in the 
continuous phase (e.ec. benzene), and 
k and n ere omstantes dependent on the particular system. 
if the emulaibility is a linear funotion of the adsorjtion au 
the interface then it would follow that the emmilsibility eould 
Ee Ke™ (10) 
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This equation holds for the emlelbvility=concentration rela~= 
tion of Lenzene, cyclohexann, hexane, and stimight=-run gas 
ofl at 130° Pp, The veiue of k and vn are both dependent on 
the gnetieches petroleum product used in the esmlaificatson; 
n is the slope of the log-log plot of KE versus @, sm K is 
the valse of the concentration when the emmlsibility equals 
unitye 

I$ should be noted timt the satraipit-run gas o11 Line 
in Pigure 1 plots very close to the cyslolwxane line. It 
might therefore be tentatively reasoned that the straight- 
run g@s o11 was lergely naphthenice 
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Results of the tests run st 70° Ps 


Bonsene (70° PF, 








Conemtation | 
of esptaltene slope 


Raulsibility 
1/slox 


Woe of dropa Weight of 





of asphritene agspheltene (em) _(sm/liter) (ml/min) — 

1 0035 1650 21.8 

3 2098 5.63 429 

8 0315 11.7 1.73 0578 
1o 0356 1502 1.27. o78 
10 03570 1507 1.63 061 
20 0742 27 05 1.15 oOS5 

Gyelohexane (70° Fe) 


Concentratixr: Desmlsibflity Prmulsibility 
fo. of @rops veight of of asplalten slope 1/slope 
of asphaltene asphaltene (gm) (pnfiiter) (ml/min) (mn 





i e026 0963 & 60 Pe Esp | 

2 e077 s.e G0 1.94 e515 

he) 2099 5067 1052 e658 

& e L559 5eG9 1.12 e892 

7 0236 8.78 1.17 655 

7 0240 8.90 1.23 oSlZ 

8 0250 9 26 1025 «800 

10 0514 143 0&4 1.19 

15 0477 17.7 095 1.05 

Hexane (70° FP.) 
ot aoe Temilsitiiity Yrmilsibility 
Woe of toll Weight of slope on 

of asphaltene asphaltene ( 501) “ape liter) (mifmin ) ) 
2 e029 1.07 150 20067 

4 e168 6.22 125 200600 

8 0304 11.3 117 20085 

12 ef01 18.6 96 00104 

18 e566 2467 58 00113 

a4 09435 54 oD 67 00149 

30 1.137 42 58 o0178 
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Discussion of results of teste at 70° I’: 

Shese results for the tests run at 70° FP. are plotted in 
Pirure 2. Avain is showm the increase of emilsaibility with 
inerrage of asphaltene concentra ione At higher concentrae 
tions the esmlgibility appeters to approach @ maximum value 
asymptotically. 

It should be understood that the Freundlich adsorption 
equation is an empirical one and, &s it happens, only applies 
under special cireumsteances. An empirical equation which holds 


more generally was developed b; Lengruir 24 


weTeae (12) 


where, a@ppiying it to the system under consideration, 
wis the mass of asphiltene adsorved per unit area 
of interface, 
e is the coneentration of the adsorbate (asphaltene) 
in the continous phase (ee6g., cyclotexane), and 
@ is a constant dependent on the partiaular system. 
Again, if the ermlsibility ia a linear function of the ad- 
sorption in tho interface, we can exprosa the emulsibility: 


Ferien (18) 


This relation holds better at 70° F. than doses the Preundlich 
equation. It might be inferred that the Preundlich equation 
holde at raised temporaturese 
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267Tt ive .nterfecial tension vorsues asphaltene concentration 


Procedure 3 

The interfacial tensionsof benzene, cyolohexane, and hexane 
with various concentréetions of aaphaltene were measured. The 
aaplmiteneg in the form of the cracked blend, were added drop= 
wise as before from a dropper bottle, the bottle being weighed 
before and after addition of the asphaltene. The interfacial 
tension was measured by the standard drop-volume method 


developed vy Harkins and Brown. +5 


Sixtye-five milliliters of 
the solvent being tested were mixed with a weighed amount of 
asphaltene in a weighing bottle. A oapillary tube, whose tip 
had been ground and polishec to a known diameter, was immersed 
in the solvent. Distilled water waa caused to flow throuyh the 
capillary and @ drop of water was very gradually blown up on 
the immersed end of the tube. dust before the drop broke away 
from the tip, it was allowed to build up of itself under the 
pull of gravity. The volwne of the drop, which was determined 
by burette measurements, waa taken for a number of drops and 
the average volume computed. The interfacial tension was then 


caloulated from the following formla: 


VAp & 
errwy(r/V") bea) 


Os 
where oOo is the interfacial tension in dynes/em, 
VY is the volume of the drop in om, 
Ap ia the differenoe in density in gn/om® Letween the 


density of the water and treat of the solvent mixture, 
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& ia the wravitatiom) constant in on/ sec’, 


ris the redins of the tin in on, 
Wir/V4) is @ correction factor obtained fram the 
reference literature.25 


All moasurements were rade et 70° r,. 


Results: 
Sample data and caloulationa of the interfaclel tension 
aro pre ented in the Appendix. 





Renzene (70° FP.) 

NO. of Weight of Concertzutin a@ — intergacqdal 
drops of Se aaphaltene ten aion 
paphs itene eae. seen te) Laynes/ox) Lay 

0 Q 32 250 

1 e032 0477 ~<: 31.200 

4 eifl 217 0588 26 e50 

8 eS11 4.79 Piel Stv; 23550 

15 586 9.07 e066 24245 

Gyclohexane (70° Ps) 

Ho. of Weight of Concentration ad Volume — Irterf&cial 
Grops of aspheltene ausplhwiltene of s. tension 

0 ¢) 0 0068 

e 208 1.26 0246 

*s 2 L635 2 «50 e250 

8 ool § 02 e214 
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iensne (70° 7°.) 

Hoe of Weight of “cneetastim of sr ~ Interfacial 

Grops of asphaltene aspheltene —s 

septmiteng — lug) (an/aiter)_ drop Lex®) n) Leyne 2/ om) 
0 0 Q e219 42 52% 0 
i 0034 025 e203 39 250 3003 
2 0063 970 ei9l 57 «20 533 
6 0205 Sel 0159 31.15 11.38 
12 0415 6 Sh oL49 29 20 13.33 
16 0542 8235 0147 28.60 15.73 


Discussion of results: 

In all eases the interfacial tension decreased with in- 
in Piygure 3 in eae log-log 
plot of the interfacial tension versus the asphelteno coneentrea= 


orease of asphaltene concentration. 


tione The atraight lines obtained indicate tnat the Interfacial 
tension is ea linear function of the losaritim of the asphaltene 
concentration. This parallels the findings of Wilner wir 
measured surface tensions. Jie found timt when substances 
which strongly depress the surface tension are added to weter, 
the surface tension isa a linear function of the logarithm of 
the concentretion of the dissolved eubstance fer all except 
very dilute solutions. 

in Figure 3 is also plotted the clungo of interfacial 
tension, 0-0, aruinst the asphaltene concentraticn. lt 
will be noted that the interfacial tension of cyclohexane 
is more affected by the addition of asphelteno than ere the 
interfacial tensions of the other solventne This woule aooount 
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for the greater emuisibility of cyclohexane ag indicated in 
Figures 1 end 2. Also favoring the emmileibillity of cyolo= 
hexane is the fact that the density differential between 
cyclohexane Gnd water is not excessive ( P 2 e219 gra /om™) 
the less the pull af gravity, the easier it is for the dif= 
fusional forse to avercome gravity and for @ system to remain 
emulsified. 

As manifest in Figure 3, the interfacial tension of hexane 
is more influenced by the addition of asphaltene than is the 
interfacial tenaion of benzene, although benzene is more easily 
eaulsified than ia hexano.e This would seem to be a contra~ 
dietion until we oonsider that the denaity differential be- 
tween benzene snd water ( p # «116 gm/em) is very low while 
that between hexane and water ( p @ «537 gm/om?) is very highe 
in other words, the light gravity of hexane Le the predominant 
factor that makes hexane difficult to emulsifye benzene, on 
the other hand, has a relnmiively heavy gravity end is more 
susceptivle to emulsification by the iowering of the intere 
facial tension than ia hexanee. With cyclohexine, wiich has 
an intermediate grevity, the doninent factor ia the oanparae 
tively greet decrease of interfecial tension effeoted by the 
addition of asphwitene; it isa thie decrease of interfacial 
tension which emkes cyclohexane more prone to enmulsification 
tian either vengene or hexane. 

Dy entering Pigures 2 and 3 with values of asphiltene con= 
centration, corrospoming values of epulalvility and Interfacial 
tension have been obtained as follows: 
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Concentration Qruilaivility interfaciai tension 
Uun/diter) Anin/md) —{dyne | 
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1020 1006 L500 
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1.0 00067 355.0 
2 oO 00070 59e0 
50 00077 350 of! 
10.0 20086 Lek 


The above values of ermlsibility and interfacial tenaion 
are plotted in Fi,ure 4. it is evident from these curves tixt 
the emulsibiitty of bemzennm and cycletexane are affected by 
chenge of interfacial tension, wiereas with hexane &@ chango 
of interfacial tonaion affeets the emilsibility only slightly. 
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Conc lus). ona 


le fotroleum products containing cracked asphaltenes 
have greater emilsibilities than those containing stralght= 
run asp itenes, all other things veins equal. 

fe The componition of the o1f1 is a factor in emlsi- 
bility but only insamach as it effeets the primary factors 
of interfacial tension end sedimentation force. 

Se The epmlsibility of an o11 can be lessened by ree 
moval of the asphslitenes. The resultent erpmisibility will 
atill be dependent on the other factors affeeting the inter= 
facial tension end those affecting the sedimentation force. 

4e¢ Sho emlsibllity increases with inerase of ag~ 
phaltene concentration: et 130° P. acoording to 

¥ « Ke” (10) 
and et 70° ¥. secording to 


Ys yote (12) 

These are empiricai edsorption equations. They @re applie 
eatble to enpulsibility because the aaphaltene is adsorbed 
in the oil-water interface, where, vy the neture of the 
molecule, it lowers the interfacial tension, thereby making 
the eolioical water particles thermodynanicully nore stable 
and lesa able to coalesce. 

5e The interfacial tension decreases with inereasse 
of asplmitene conemmtration; it 1s a linear function of 
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tie iLosgsritim of the curnmentration except for very dilute 
consentrationgse 

Ge Cyalohexane (and pertmpa the maphthemes in general) 
is most cusceptivcle, of the solvente tested, of eoeulatfias- 
tion by sdditicon of aspheltenea. 

7. The Light -yvavity of hexane is the predominant factor 
thet makes hexane difficult to emmisifye 
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Xpilogue_ 


The question Of eamlsions cannot be resolved by say~ 
ing that one factor, or even two or three, are solely re- 
sponsible for the formation of an emulsion. There are many 
factors which contribute to an emulation, even one of the 
most simple typee 

But we can ettemot to clarify the picture by classify~ 
ing these factors sither &s primary factors, those which 
directly affect the emmisibility, or as subordinste factors, 
those which affect the emulsibility only inasmuch as they 
influence the primary factors. Pisure 5 is a diagrasmatic 
sketoh showing the subordination of certain faetors to the 
primary factors. 
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Append t 
lomlaibility test (130° PF.) of cracked gas ot}: 
before filtering 
Time since Reading at interface 
stopping betveen O11 and Oil settled out 
Sm ision. iB) 
(min) _. 
0 GU .7 6) 
1 78.0 ee? 
2 7460 6.7 
5 65.8 11.0 
+ 6567 1720 
5 5G eV 2108 
6 5508 249 
O Ged i) 
i 72 ed 820 
2 61.9 Lie4 
3 52.7 27 26 


These data are plotted in Pigure 6 from which is obtained: 


Before filtering After filtering 
Demilaibility (average slope) 4.12 mi/win §.0 ml/min 
iemleibility (l/Aemilsibliity) .242 min/el e111 min/al 
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Letormination of per cent aaphsitene content: 
Weight of cracked gaa oil end flesk (before) 2466350 ym. 


Gelight of cracked gas o11 ami flask (after) 259 275 
Weight of cracked ges ofl filtered &b 64 


Weight of erucible, @sbestoes, and filtered 


asphaltenes 2165085 gme 
Weight of crucible and asbeatoon 21.5604 
Weight of filtered asphaltenes e050L 


Per cont @eaphaitene content « + x 100 g 035%. 





a re 
Burette readings: 


1.063 +362 1.249 1.260 
sO 2h 76 a _ aii? 
0377 0556 0337 e382 


Average volume of drop « 0353 om, 
Ap = 2990 = .079 = .110 um/on”. 
Bw 9bO om/sec’ . 
rw «4475 aie 
r/V% = 616 
W (rV%) = 6225 


ws 25.60 dynes/cme 





ety 06.083 
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